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CONCERNING  ADENOMATA  ORIGINATING  FROM  THE 
ISLANDS  OF  LANGERHANS.* 
BY RUSSELL L. CECIL, M.D. 
PLATE LXXIX. 
(From  the  Pathological  Laboratory  off  the  Presbyterian  Hospital,  New  York.) 
Although  primary  neoplasms  of  the  pancreas  are  fairly  uncom- 
mon,  medical  literature  discloses  no  lack  of variety in the  types  of 
pancreatic  tumor  which  have  been  reported.  Primary  carcinoma 
of the pancreas is not rare ; and a  few cases of sarcoma are recorded. 
Benign  tumors  of  the  pancreas,  although  exceedingly  rare,  have 
also been  described.  Cesaris-Demel  (I)  has  reported  an  adenoma 
which  he  thinks  originated  from the  pancreatic  acini.  Biondi  (2) 
encountered  a  fibro-adenoma  in  the  pancreas,  the  arrangement  and 
morphology  of  its  cells  closely  resembling  those  of  the  pancreatic 
ducts.  Multilocular  cystomata of  the  pancreas  have been  reported 
by  Garrigues  (3),  Heaton  (4),  and  others.  A  "myxomatous 
angioma"  of the pancreas  is  recorded by Baudach  (5). 
All  of  these  neoplasms  mentioned  above  are  supposed  to  have 
originated  from  either  the  secretory  structures  or  the  stroma  of 
the  pancreas.  I  have been  able  to  find  in  the  literature  only  three 
references to tumors of the islands  of Langerhans. 
In 19o2, Fabozzi  (6)  reported five cases  of carcinoma  of the pancreas,  all  of 
which he believed had arisen from the islands  of Langerhans.  Reitmann  (7)  and 
Helmholtz  (8)  have both criticized  Fabozzi's work and have questioned  his con- 
clusions.  Judging from the descriptions  of his  cases, the diagnosis  of carcinoma 
of  the  pancreas  was  in  every instance  correct.  His  drawings,  however,  by no 
means  convince  me  that  the  tumors  had  originated  from  islands  of  Langer- 
hans.  The  protocols  of  one  or  two  of  the  cases  lead  me  to  suspect  that  the 
pancreatic  tumor  was  a  metastatic  nodule  following  carcinoma  of  the  gall 
bladder.  At  all  events,  Fabozzi's  theory  that  they  developed  from  islands  of 
Langerhans can  not be  accepted  until  more evidence  is  forthcoming. 
As far as I  am aware, only two benign  tumors purporting to have originated 
from the islands  of Langerhans have been described.  The first of these  two cases 
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was  that  reported  by  Nicholls  (9)  in  19o2.  The tumor, which  was  not  larger 
than  a  marrow-fat pea  was  situated  or~ the  anterior surface  of  the  tail  of  the 
pancreas.  It had a tawny yellow  color,  was  well circumscribed, rather soft,  and 
exuded  a  little blood.  Microscopically,  the  tumor  appeared  as  an oval  area  in 
the pancreatic substance, measuring 3 by 2.5 ram.  It was  enclosed  by a  delicate 
fibrous  capsule.  The tumor was composed  of elongated and irregular masses  of 
cells  bounded by anastomosing bands of  fibrous tissue.  In a  few  cases  a  ten- 
dency to form lumina was observed,  but a small mass of connective tissue could 
almost invariably be made out in the  center.  Minute blood-vessels  were  found 
throughout  the  delicate  stroma.  The  tumor  cells  were  polyhedral  and  short 
columnar in form.  Their cytoplasm was granular and eosinophilic.  The nuclei 
were vesicular, each  containing several dots of chromatin.  The cells were slightly 
smaIler than those  of  the  pancreatic  acini.  Nicholls  considered  this  tumor  to 
be  a  simple adenoma originating from an  island of  Langerhans. 
Helmholtz's  case  was  that  of  a  negro,  sixty-five  years  old,  who  died  of 
chronic cardiovascular disease.  At the autopsy the pancreas was normal except for 
a small nodule ,5 by 3 by .5 ram. which was discovered accidentally in the substance 
of  the  gland.  The  tumor  was  dull  gray,  finely granular,  and  sharply  circum- 
scribed by a thin capsule.  Microscopically,  the nodule was  found to be composed 
of masses of polyhedral cells, supported in a delicate mesh-work of fibrous tissue. 
In some  places  these cell masses were solid; in others, lumina were  seen,  about 
which  cells  of  a columnar type were arranged.  The slender trabecul~e that sup- 
ported  the  groups  of  cells  contained capillaries.  The  tumor cells  resembled in 
every way  those  composing an  island of  Langerhans.  They were  arranged  in 
anastomosing cords  in  intimate  relationship  with  the  capillaries,  possessed  an 
acidophilic  cytoplasm  and  vesicular nuclei with  large  chromatin bodies.  After 
studying this tumor,  I-Ielmholtz  was  convinced that  it was  an  adenoma, having 
its origin in an island of Langerhans. 
DESCRIPTION  OF  CASE. 
The  objecl of  this  paper  is  to  record  a  third  tumor  of  the  type 
reported by Nicholls and by Helmholtz. 
It occurred  in the pancreas of  a  man  sixty-three years  old,  who 
was  admitted  to  the  second  surgical  service  of  the  Presbyterian 
Hospital  on  October  26,  19o8.  His  family  and  personal  history 
were  of  no interest.  For  a  year previous to  his  admission he  had 
not been in good  health.  He  was  now  suffering  from pain in the 
right  lower  quadrant  of  the  abdomen,  constipation,  anorexia,  loss 
of weight,  and some edema of the  feet and ankles. 
Physical Hxamination.--The  heart  and  lungs were  normal;  the 
abdomen  soft  and  symmetrical.  To  the  right  of  the  umbilicus a 
mass 2  by 3  inches could be  felt, somewhat tender and fixed to sur- 
rounding  parts.  The  skin  over  the  tumor  was  freely  movable. Russelt L. Cecil.  597 
The patient lost ground rapidly.  On November I  he passed about 
ten ounces of blood per rectum.  The urine contained no  albumen 
or sugar.  The patient died on November 7- 
At  the  autopsy,  performed twenty-four hours  after  death,  the 
body was found to be that of an emaciated old man.  The abdomen 
only was examined.  The liver and spleen were normal.  The kid- 
neys were finely granular and had thin cortices.  The prostate was 
enlarged.  In the ascending colon there was  found  a  large tumor 
which extended up to the hepatic flexure.  It was annular in shape. 
The  outer  surface was  smooth  and  hard;  the  inner  surface  was 
papillomatous, with large necrotic ulcerated areas, and covered with 
mucus.  The  lymph  glands  in  the  mesocolon  were  not  enlarged. 
Microscopical  sections  from the tumor showed it  to  be  an adeno- 
carcinoma. 
The  pancreas  was  firm  and  pale.  The  pancreatic  ducts  were 
patent.  At one point  in the caudal portion,  near the surface, but 
completely  surrounded  by  pancreatic  tissue,  there  was  a  small 
spherical  tumor,  the  size  of  a  French  pea.  On  section,  the  cut 
surface measured 4  by  3-5  millimeters.  The  tumor was  well cir- 
cumscribed and enclosed by a  delicate capsule within which it was 
freely movable. 
The tissue was hardened in Zenker's fluid and imbedded in paraf- 
fin.  Part of the tumor was cut in serial sections and stained with 
hematoxylin and eosin and with toluidin blue and eosin.  The con- 
nective tissue stains of Van Gieson and Mallory were also employed. 
Microscopically, the tumor, under 1OUT magnification  (figure  I), 
is  seen to  be sharply demarcated from the  surrounding pancreatic 
tissue by a  delicate capsule of fibrous connective tissue.  It is com- 
posed of irregular elongated masses of cells, which lie  in  a  rather 
coarse mesh-work of hyaline stroma.  No ducts are found in con- 
nection with the tumor. 
Under high magnification  (figure 2),  the tumor  cells  are small 
and poorly differentiated from one another.  They appear, however, 
to be polyhedral or low cuboidal in shape.  As a rule, they show no 
definite arrangement, being packed loosely together several layers 
thick.  In  some  places,  however,  a  single  layer  of  cuboidal  cells 
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cells rest directly on the hyaline stroma which supports them.  The 
cytoplasm of the cells contains coarse eosinophilic granules.  Their 
nuclei are large and vesicular and usually show  several chromatin 
bodies.  No mitotic figures are seen. 
The  stroma has been converted for the most part  into  a  homo- 
geneous hyaline material which stains  deeply with  eosin.  Anasto- 
mosing  bands  of  this  hyaline substance  separate  and  support  the 
alveoli.  In  some  places  the  stroma  retains  a  somewhat  fibrillar 
structure  and  a  few  spindle-shaped  nuclei  are  made  out.  Small 
capillaries  can  be  seen  coursing  through  the  hyaline  trabecul~e. 
Many of them have obviously been destroyed by the hyaline changes ; 
in numerous instances,  however, the endothelial lining is  well pre- 
served  in  spite  of  the  hyaline  degeneration about  it.  The  occa- 
sional  occurrence  of  diffuse  hyaline  patches,  in  which  atrophic 
and partially hyaline alveoli may sometimes be seen, indicates that 
the  parenchyma  as  well  as  the  stroma  has  been  involved  in  the 
degenerative changes.  Altogether the appearance of the tumor sug- 
gests  a  greatly  hypertrophied  island  of  Langerhans  with  hyaline 
changes analogous to those seen in diabetes. 
In sections stained with toluidin blue and eosin,  the tumor cells 
are  found  to  be  free  of  zymogen  granules.  They  take  a  light 
pinkish stain similar to that of the cells of an island of Langerhans 
or of the duct epithelium.  In sections stained by Van Gieson's and 
by  Mallory's connective tissue  stains,  the tumor cells stain  as  epi- 
thelial  rather  than  as  connective  tissue  structures.  The  hyaline 
stroma stains pink with Van Gieson's and dark blue with Mallory's 
stain. 
The pancreatic tissue about  the tumor is  somewhat compressed. 
A  thin fibrous capsule separates the glandular acini from the tumor 
cells, but in some places little or no capsule is  present and the two 
types of cells lie in immediate contact with each other.  No definite 
transitions  from  the  one  form  into  the  other  can  be  established, 
though  structures suggestive of  such a  change occasionally occur. 
In general, the pancreatic acini appear entirely normal.  There has 
been no increase in -the interstitial connective tissue. 
In view of the resemblance which the tumor bore to an island of 
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est.  They are quite numerous and in some instances appear per- 
fectly normal.  The greater  number of  them,  however,  exhibit a 
well  marked  hypertrophy of  the  so-called  "columnar"  type,  the 
insular cells showing, instead of their usual order, an arrangement 
like that of simple columnar epithelium.  Loops and processes of 
these epithelium-like cells project out into  the surrounding tissue, 
tending  to  give  the  island  an  irregular  contour.  Some  of  the 
loops resemble acini, but their lumina generally contain capillaries. 
A  few of the smaller islands of this type are seen to be outgrowths 
from the small ductules, with which they still maintain a connection. 
The  larger  islands  are  usually  disconnected  from  the  ducts,  but 
in some places are continuous with adjacent acini. 
DISCUSSION. 
In comparing these three tumors it will at once be seen that while 
they show slight variations,  they present many points in common. 
All  three  occurred  in  the  substance  of  the  pancreas.  On  gross 
examination, they were almost identical in size and general appear- 
ance.  Microscopically, they were all sharply circumscribed and en- 
closed by  fibrous  capsules.  In  structure they were  quite  similar, 
being composed of  irregular  elongated masses  of  cells,  supported 
in a  delicate vascularized fibrous stroma.  In all three of them the 
cells showed in places a columnar form and tended to arrange them- 
selves  into  acini,  in this  respect simulating the  so-called  "adeno- 
matous"  or  "columnar"  hypertrophy of  the  islands  of  Langer- 
hans.  In all ~three instances, the cytoplasm of the tumor cells was 
coarsely granular and eosinophilic and their nuclei vesicular, with 
several  chromatin bodies.  On  the basis,  therefore,  of  this  simi- 
larity,  we may reasonably conclude that the three tumors had the 
same origin. 
Regarding the origin of the tumors, Nicholls points out that they 
must of necessity arise  from one of three structures:  (i)  the epi- 
thelium of the ducts,  (2)  the pancreatic acini, or (3)  the islands of 
Langerhans.  Adenomata which have been described as originating 
from the ducts are composed, like other tumors of duct origin, of 
columnar epithelium and exhibit more or less tendency toward the 
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discussion,  however, are  composed chiefly of polyhedral  cells,  ar- 
ranged in solid cords and masses and forming no true lumina.  On 
the  other  hand,  if  these  tumors  had  sprung  from  the  pancreatic 
acini,  one would expect to find in them some similarity to  acini in 
their structure and in the arrangement of cells.  Such resemblance, 
however, is lacking.  The tumor cells, as has been stated, show only 
an occasional tendency to  form lumina or acini and are, moreover, 
entirely free from zymogen granules.  When the cells are columnar 
and arranged like acini,  the appearance is  that  of a  hypertrophied 
island  rather  than  of  secreting acini.  When  stained  by  toluidin 
blue  and  eosin,  Van  Gieson's,  or  Mallory's  stain,  the  tumor  cells 
correspond in every way with those of an island of Langerhans.  The 
elongated  masses  of  cells,  supported  in  a  vascular  framework  of 
fibrous tissue are exactly analogous to the cell masses composing an 
island  of Langerhans.  Moreover,  the  cells  themselves with  their 
coarsely granular,  acidophilic  cytoplasm and  vesicular  nuclei  rich 
in  chromatin  force  one  to  the  opinion  that  the  tumors  had  their 
origin in an island of Langerhans.  It is also significant that in my 
case  the  tumor  showed  extensive  hyaline  degeneration.  This, 
change, when it does occur in the pancreatic parenchyma, is usually 
seen in the islands of Langerhans. 
It  is  safe to  conclude, therefore, that  all  three  of  these tumors 
developed  from islands  of Langerhans.  The  question  next to  be 
answered is:  Are these tumors true neoplasms,  or are they merely 
giant islands?  In other words, have we to do with genuine adeno- 
mata or simple regenerative hypertrophy of the islands ?  The prob- 
lem which confronts us is not a new one.  In the breast, in the liver; 
in the prostate,  and even in mucous membranes, the distinction be- 
tween  adenoma and  regenerative hypertrophy is  at  times  difficult 
or  impossible to make.  In the pancreas,  regenerative hypertrophy 
of the  islands  of Langerhans  has  been  described in  cases  of dia- 
betes by Reitmann (7), by MacCallum (IO), and by me (I I).  More 
recently, Weichselbaum (12)  and Kyrle  (13)  have reported hyper- 
trophy of the  islands  in  chronic  pancreatitis  and  in  experimental 
lesions of the pancreas.  According to  these  authors,  not  only do 
existing islands hypertrophy, but a  new formation of islands takes 
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epithelium  very  much  after  the  manner  of  island  formation  in 
fetal life. 
There was no history of diabetes in any of the three cases under 
discussion.  In none of them was  there evidence of  chronic pan- 
creatitis.  In the  case,  however, which I  have reported,  it  is  sig- 
nificant that  the islands  show extensive regenerative hypertrophy. 
Their appearance has already been described.  Many of them are 
considerably larger than  normally and their cells  tend to  arrange 
themselves  in  single  rows,  with  large  vesicular  nuclei  centrally 
located.  The  cells  are  poor  in  granules  and  definitely columnar. 
The columns are separated by capillaries.  In some of these islands 
a  connection can be demonstrated, on the one hand, with the small 
ducts, and on the other, with the adjacent acini.  The former con- 
nection is more apt to be seen in the small newly forming islands; 
the latter, in the hypertrophied islands.  A  hypertrophied island of 
this type suggests in a general way an adenoma; in fact the change 
was  originally described by  Reitmann as  "adenomatous" hyper- 
trophy. 
In my case,  at  any rate,  there is  evidence that  the  islands had 
been put to  a  strain,  and that  in response to  this  strain  they had 
undergone hypertrophy.  The fact that the tumor showed hyaline 
degeneration rather suggests that diabetes, the commonest cause of 
both hyaline degeneration and hypertrophy of the islands, had been 
instrumental  in  this  case.  At  the  time  the  patient  was  in  the 
hospital,  however, there was no  sugar in his urine.  It is  possible 
that by the hypertrophy of the islands his tolerance for glucose was 
increased to such a point that sugar disappeared spontaneously from 
the urine.  I recall one other case in my experience where there was 
no history of diabetes but where the islands showed slight hyaline 
changes. 
In a  previous study of the pancreas in diabetes  (I I),  I  encoun- 
tered a  giant island,  not  so  large as  the tumor just  reported, but 
comparable to  it. 
The  case  was  that  of  an  old  man,  seventy-five  years  of  age.  He  had  had 
diabetes  for  fifteen  years,  and  finally  died  of  pneumonia.  At  the  autopsy,  the 
pancreas  was  infiltrated  with  fat.  Microscopical  sections  revealed  an  unevenly 
distributed  new  growth  of  the  interstitial  tissue.  In  places  the  sclerosis  was 
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in patches of dense fibrous tissue.  One very large island was  found which meas- 
ured  1.8 by 1.6 ram. in area.  It was  readily seen with the naked  eye. 
Microscopically,  the  large  island is  surrounded  by  a  capsule  of  fibrous  tissue 
which  separates  it  entirely  from  the  surrounding pancreatic  tissue.  In  two  or 
three  places,  small processes  of  island  tissue  project  into  the  capsule,  but  else- 
where the border is regular.  In their arrangement and structure,  the cells of  the 
island in part resemble those of a  normal island, but in many places, especially in 
the outgrowths  into the capsule, the island has taken on an adenomatous appear- 
ance,  the  cells  being  of  the  columnar  type  and  arranged  in  single  rows  which 
tend to  form  loops  or pseudo-acini.  It is  noticed that the  secreting parenchyma 
is  autolyzed  while the cells of the island are still well preserved. 
In  another  diabetic pancreas  I  found an island  measuring  0.9 by 0.7  ram.  in 
diameter.  This  island  also  exhibited  the  columnar  type  of  hypertrophy.  In 
several other cases of diabetes, islands which measured 0.4 to o.5 mm. in diameter 




we arrange the three tumors and the giant islands in a column 
reference to  their  dimensions,  an interesting fact  is  brought 
Helmholtz's  tumor  ................................  5.0 by 5.3 mm. 
Cecil's  tumor  .....................................  4.0 by 3.5 mm. 
Nicholl's  tumor  ...................................  3.o by 2.5 ram. 
Islands  in  diabetic pancreas  (case  XXVI) ...........  1.8by 1.6mm. 
Islands  in  diabetic pancreas  (case  XXIX) ...........  o.9 by o.7 mm. 
Diameter  of  islands  found in other cases of diabetes...  0.4 to 0.5 ram. 
Diameter  of  average  normal  island  .................  o.I to o.2mm. 
On examining these figures it  will be seen that  it is  almost  im- 
possible to draw a line between the tumor class and the giant island 
class,  so gradual is  the gradation in size. 
The relation of these tumors to the surrounding tissue is also of 
interest.  All three of them had capsules, but in my own case, the 
capsule  was  thin,  and  in  a  few places  entirely absent.  At  these 
points  the tumor cells lay in immediate contact with the glandular 
aeini.  I could find no definite transitions from acinar to tumor cells, 
though  several  suspicious  forms  were  seen.  The  existence  of 
islands  of  this  size,  whether they be  neoplasms  or  merely hyper- 
trophied  forms, constitutes,  I  think,  another argument in  favor of 
the independent structure and  functions of the islands.  It is hard 
to see how exhausted acini could produce such remarkable pictures. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  Xlll.  PLATE  LXXIX. 
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SUMMARY. 
Small  encapsulated  tumors  of  the  size of peas,  or  even smaller, 
are  occasionally found in the pancreas.  These tumors  are benign, 
and  have  a  structure  similar  in  all  respects  to  that  of  an  hyper- 
trophied  island  of  Langerhans.  The  distinctions  between  adeno- 
mata  and  forms  of  regenerative  hypertrophy,  sometimes  so  diffi- 
cult  to make  in the breast,  prostate,  liver,  and  other organs,  is  not 
easily drawn in the present case.  The  fact that one may encounter 
all gradations  in the size of islands,  from that of the normal island 
to  that  of  the  tumors,  suggests  that  it  is  more  reasonable  to  con- 
sider  such  tumors  merely  as  hypertrophied  islands  rather  than  as 
adenomata  originating  from islands. 
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EXPLANATION  OF PLATE LXXIX. 
FIG.  I. Part  of  the  tumor,  showing  adjacent  pancreatic  parenchyma.  Low 
magnification.  (Leitz objective No. 3; ocular  No. 4.) 
FIG. 2.  Part of the tumor under high  magnification.  (Leitz objective No. 7; 
ocular No. 4.) 